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ABSTRACT 
 
MICHAEL R. ANDERSON: The effects of a six-week combined exercise and recreation 
therapy intervention on stress hormones and heart rhythms in breast cancer survivors 
(Under the direction of Claudio Battaglini, Ph.D.) 
 
 Even upon successful completion of treatment, breast cancer patients face a 
number of deleterious physiological and psychological side-effects.  The purpose of the 
current study was to determine the effects of a six-week combined exercise and 
recreation therapy intervention on the cortisol:DHEA ratio and heart rate coherence 
levels.  Nine women who had recently completed breast cancer treatment received 
exercise, recreation therapy or a combination of both three times per week for six weeks.  
No change was found in the cortisol:DHEA ratio (p=0.747) or in heart rate coherence 
levels in response to the intervention (p=0.172).  Eight of the nine subjects were receiving 
adjunct therapy involving the use of selective estrogen receptor modulator drugs which 
suppress cortisol and DHEA levels.  This fact combined with the small sample size likely 
prevented significant findings.  However, trends towards decreased cortisol:DHEA and 
heart rate coherence improvements were observed warranting further study. 
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Chapter I 
Introduction 
 
Breast cancer is the third most common cancer in the world (Galvao and Newton, 
2005) and is the second leading cause of cancer mortality in women (American Cancer 
Society, 2006). In the United States alone over 170,000 new cases of female breast 
cancer, including over 40,000 deaths, were reported in 2007 (American Cancer Society, 
2007). It has been postulated that women have a 1 in 8 chance of developing breast 
cancer at some point during their lifetime (American Cancer Society, 2007). Women 
undergoing treatment for breast cancer face a myriad of physiological and psychological 
problems.  While chemotherapy, radiotherapy, and/or surgical interventions are necessary 
in ridding the body of cancer, these treatments often compromise the various organ 
systems of the body; even upon successful completion of treatment, numerous side-
effects and symptoms must be overcome.  These physiological and psychological 
symptoms include but are not limited to fatigue, depression, pain, anxiety, hostility, and 
reduced quality of life.  Collectively these symptoms place an increased stress on the 
entire body and are associated with poor treatment outcomes (Korstjens et al., 2006; 
Courneya and Friedenreich, 1999; Mutrie et al., 2007; Dimeo et al., 1999).  
Pharmaceutical drugs can be used to treat some of the aforementioned symptoms, but 
these drugs offer only temporary relief and can be quite expensive (Crawford, 2002). 
Recently, more attention has been paid to complementary therapies in attenuating breast 
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cancer treatment related side-effects and symptoms.  Therapies such as exercise, guided 
imagery, nutritional support, relaxation and cognitive behavioral support groups have 
been shown to reduce the amount of physiological and psychosocial distress experienced 
by women during and after cancer treatment, thus improving quality of life (Galvao and 
Newton, 2005; Hewitt et al., 2004). 
Exercise as a complementary treatment 
Exercise has been shown to be an effective adjunct therapy in helping patients 
combat many of the physiological and psychological side-effects commonly experienced 
during cancer treatment.  A review performed by Galvao and Newton (2005) presented 
the summary of the results of 26 studies involving administration of exercise in the 
cancer population; these studies were performed in patients that were either undergoing 
or had completed major cancer treatment.  Improvements in the cardiorespiratory, 
pulmonary, and endocrine systems as well as reduction in fatigue and improved quality of 
life were among numerous benefits reported in response to the administration of exercise 
in cancer populations (Galvao and Newton, 2005). 
While some positive effects on quality of life parameters have been noted in 
response to exercise in addition to physiological benefits, results are somewhat equivocal 
across the literature and it is not clear whether exercise is effective in aiding patients in 
coping with all of the psychological side-effects associated with cancer treatment.  As an 
attempt to mitigate some of the psychological side effects commonly developed with 
cancer diagnosis and treatment, recreation therapy is often employed towards this goal.  
Many different recreation therapy activities have been explored in clinical settings; 
however, very little data is available to confirm its possible benefits.  More recently, the 
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use of HeartMath, a biofeedback technique, has become another option to help cancer 
patients cope with many of the psychological distresses caused by the disease. 
Recreation therapy as a complementary therapy 
To aide patients in coping with the psychological side-effects associated with 
cancer treatment, recreation therapy involving interventions of psychosocial nature is 
often employed. Some recreation therapy techniques include group psychotherapy, 
leisure counseling, expressive arts, biofeedback and a variety of other techniques aiming 
to develop overall well-being.    
HeartMath, a biofeedback technique, is a personal stress-relief system that trains 
individuals to be aware of and regulate their heart rate coherence (HRC) and heart rate 
variability (HRV) during various emotional states.  It has been shown that decreased 
stress and increased positive emotions are associated with changes in HRC and HRV.  
Potential psychological benefits of changes in HRC and HRV include enhanced cognitive 
performance and mental clarity, increased emotional stability and increased feelings of 
well-being (McCraty et al., 2001). In addition to these psychological benefits, potential 
physiological benefits include increased synchronization of the two branches of the 
autonomic nervous system, a shift in autonomic balance toward increased 
parasympathetic activity, increased heart-brain synchronization, more efficient hormonal 
release patterns, increased efficiency of fluid exchange and an increased ability of the 
cardiovascular system to adapt to circulatory demands (McCraty et al., 2003; McCraty et 
al., 2006).  
 
 
 4 
Stress 
From the time of diagnosis throughout the entire treatment process, feelings of 
despair, worry, anxiety, and fear of death as well as significant changes in physiology all 
contribute negatively to the overall well-being of the patient.  These stressors can further 
compromise the functionality of the patient and his or her ability to tolerate cancer 
treatment which could potentially impact outcomes. 
Stress is associated with increased levels of the glucocorticoid hormone cortisol 
(Spiegel et al., 2006; Brenner et al., 1998). Cortisol is often regarded as the principal 
catabolic hormone due to its central role in proteolysis (Loucks, 2005). Elevated cortisol 
levels can elicit a number of deleterious effects including diminished skin strength, easy 
bruising, wasting of muscle tissue, weakness, and osteoporosis (Neal, 2001) which can 
further compromise the functionality of the patient.  Dehydroepiandrosterone (DHEA) is 
a hormone that has anti-glucocorticoid actions; DHEA has many effects that oppose those 
of cortisol.  An anabolic hormone, DHEA can have positive effects on lean body mass, 
bone density, and quality of life (Copeland et al., 2002), but is decreased during periods 
of stress.  The opposing roles of cortisol and DHEA make the ratio of cortisol:DHEA an 
attractive parameter to quantify in examining stress.   
Decreases in the cortisol:DHEA ratio are associated with decreased stress and are 
linked to improved physiological functioning and homeostasis, factors which are key in 
the maintenance of good health (McCraty et al., 2006). Cancer as well as its treatment 
imposes innumerable stresses on the body as mentioned previously; it is postulated that 
breast cancer patients have high ratios of cortisol:DHEA which could contribute to 
catabolic states, decreased quality of life, and poor treatment outcomes. 
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Research has shown that exercise training can lead to decreased levels of cortisol 
(Shephard and Sidney, 1975; Buono et al., 1987) and increased levels of DHEA 
(Riechman et al., 2004; Boudou et al, 2001; Aizawa et al., 2003). Recreation therapy such 
as cognitive behavioral stress management can reduce serum cortisol levels in early stage 
breast cancer patients (Cruess et al., 2001). In addition, high levels of HRC are associated 
with a decrease in the cortisol:DHEA ratio (McCraty et al., 1998). Therapies often used 
as complementary alternative treatments—namely exercise and recreation therapy—have 
been shown to have a positive impact on the cortisol:DHEA ratio; however, the 
combination of these treatments has not been examined in any population, including the 
cancer population.  By combining exercise therapy with the aforementioned HeartMath 
training techniques, it is conceivable that the quality of life of breast cancer survivors 
could be improved by helping patients more effectively combat both physiological and 
psychological side-effects associated with surviving cancer.  The positive benefits of both 
types of training on the stress hormone response could theoretically be applied to breast 
cancer survivors, a population which suffers from a high degree of stress (Cruess et al., 
2001) and assumedly a high cortisol:DHEA ratio.  The lack of research examining 
combinations of therapies for relief of breast cancer treatment related side-effects places 
limits on one’s ability to predict which combinations of therapies may produce the best 
outcomes.  Studies examining the possible impact of interventions that have the potential 
to alleviate some of the physiological and psychological side effects of cancer are 
necessary, but scarce.   
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Purpose 
The primary purpose of this study was to determine if a six-week combined 
intervention using exercise and HeartMath impacted the cortisol:DHEA ratio in women 
who have recently completed breast cancer treatment. 
The secondary purpose of this study was to determine if a six-week combined 
intervention using exercise and HeartMath impacted heart rate coherence (specifically the 
ratio of high:low HRC) and heart rate variability. 
Research Hypotheses 
Hypothesis 1): It was hypothesized that there would be a decrease in the 
cortisol:DHEA ratio following the six-week combined exercise and HeartMath 
biofeedback intervention. 
Hypothesis 2): It was hypothesized that there would not be a decrease in the 
cortisol:DHEA ratio in response to a single HeartMath biofeedback session.   
Hypothesis 3): It was hypothesized that there would be an increase in the ratio of 
high HRC to low HRC following the six-week combined exercise and HeartMath 
biofeedback intervention. 
Hypothesis 4):  It was hypothesized that there would be an increase in the ratio of 
high HRC to low HRC following a single HeartMath biofeedback session. 
Definition of Terms 
Autocoherence: coherence within the rhythmic activity of the heart. 
Cross-coherence: coherence between different physiological systems. 
Heart rate coherence: a measure of the order, harmony, and stability in mental and 
emotional processes, associated with autocoherence and cross-coherence. 
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Heart rate variability: a measure of the naturally occurring beat-to-beat changes within 
the rhythmic activity of the heart. 
High heart rate coherence: the sum total of “high” and “medium” heart rate coherence 
scores, as defined in HeartMath software. 
Cortisol: a glucocorticoid hormone released from the adrenal gland with catabolic 
properties. 
Dehydroepiandrosterone (DHEA): a steroid hormone produced by the adrenal gland and 
the gonads with anabolic properties. 
Combined Exercise and HeartMath Biofeedback Intervention: An intervention that 
utilizes both one hour of individualized prescribed exercise and thirty minutes of 
HeartMath per session, three times per week, for six weeks.  
Just Be Condition: A 10 minute period during which a subject’s HRC and HRV are 
monitored while the subject is instructed to “just be”; the subject may think about 
or do whatever she pleases provided she remains seated. 
Manage Stress Condition: A 5 minute period during which a subject’s HRC and HRV are 
monitored while the subject is instructed to do what she normally does to manage 
a stressful situation; the subject may think about or do whatever she pleases 
provided she remains seated. 
Assumptions 
1. Subjects followed the pre-assessment guidelines for all assessments (fitness 
assessments and salivary collections). 
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2. The effects of the intervention were not affected by differences in previous 
treatment received for cancer as well as current adjuvant therapy (herceptin, 
tamoxifen, etc.).  
3. All subjects were able to complete the majority (>90%), if not all exercise and 
recreation therapy sessions during the study. 
Delimitations 
1. The subjects in this study were women between the ages of 35 and 75.   
2. All subjects had completed major breast cancer treatment within six months of 
voluntary enrollment in the study. 
3. All subjects were re-tested six week post-baseline measures at the same time 
of day to control for variations in hormones release circadian rhythms. 
Limitations 
1. The results of the current study are only applicable to women between the 
ages of 35 and 75 who have recently completed breast cancer treatment.   
2. With respect to hormonal analyses, the assay used in this study to analyze the 
salivary samples reflect only the free portion of the hormones cortisol and 
DHEA rather than the total amount circulating in the body. 
3. Subjects enrolled in the study may not have been able to complete all 
intervention sessions due to possible treatment or disease complications. 
4. Subject disease staging (I-III) and different types of treatment administered 
prior to enrollment could potentially have confounded the results of the 
experiment. 
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5. While all subjects in the study were within six months of cessation of 
treatment, the exact amount of time since cessation of treatment varied. 
Significance of the Study 
Breast cancer survivors face a number of difficult challenges even after successful 
treatment of their disease.  Many of the deleterious symptoms faced by breast cancer 
survivors are related to the large amount of stress that this population faces.  While 
exercise and HeartMath training have been shown to have positive effects on the stress 
response (i.e., the cortisol:DHEA ratio) independently in other populations such as 
cardiac patients, the combined effects of the two interventions remain unexamined.  In 
this study, breast cancer survivors received a six-week combined exercise and HeartMath 
intervention.  The effects of the combined intervention on stress hormones, heart rate 
coherence, and heart rate variability were examined. 
Depending on the outcomes of the proposed study, it may serve as a ground 
breaking experiment to be used as a reference for future experiments aiming to develop 
more efficacious therapies to complement current cancer treatments.  Studies such as this 
can further the body of knowledge in the area of complementary therapies to cancer 
treatments by creating a better understanding of critical variables associated with quality 
of life, treatment outcomes, and survivorship. 
Chapter II 
Review of Literature 
 
 Breast cancer is the uncontrolled, abnormal growth of cells in the breast tissue; 
regardless of where the cancer spreads, it is termed breast cancer if its origin is the breast 
(American Cancer Society, 2006). Most breast cancer originates in the ducts of the breast, 
which are small tubes that carry milk to the nipple (American Cancer Society, 2006). 
Breast cancer is classified by its stage, ranging from 0 to IV. Stage 0 breast cancer is 
often termed in situ in that the cancer consists of abnormal cells in the lining of the 
lobules or ducts of the breast.  Stage I is an early stage of invasive cancer; in stage I, the 
tumor is less than 2 cm across and the abnormal cells have not spread beyond the breast.  
Stage II cancer can either consist of a tumor that is no larger than 2 cm across but has 
spread to the lymph nodes under the arm, a tumor that is between 2 and 5 cm across and 
may have spread to the lymph nodes under the arm, or a tumor that is larger than 5 cm 
and has not spread from the breast.  Stage III cancer is divided into two subsets, each of 
which consists of two possible conditions.  In stage IIIA, the tumor is less than 5 cm and 
has spread to the underarm lymph nodes that are attached to each other or to other 
structures, or the tumor is more than 5 cm across and has spread to the underarm lymph 
nodes.  In stage IIIB, the cancer has spread to the lymph nodes behind the breastbone and 
under the arm, or the cancer has spread to the lymph nodes under or above the collarbone.  
Finally, stage IV cancer is distant metastatic cancer (National Cancer Institute, 2007). 
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Breast cancer is the third most common cancer in the world (Galvao and Newton, 
2005) and is the second leading cause of cancer death in women (American Cancer 
Society, 2006). Over 200,000 new cases were documented in 2006 in the United States 
alone (American Cancer Society, 2006). It has been postulated that women have a 1 in 8 
chance of developing breast cancer at some point during their lifetime (National Cancer 
Institute, 2007). 
 Current treatments of breast cancer include chemotherapy, radiation therapy, 
surgery and/or hormonal therapy.  Although these treatments can be successful in ridding 
the body of cancer, each imposes a wide array of side effects.  Chemotherapy is often 
associated with nausea, vomiting, low red and white blood cell counts, hair loss, mouth 
sores, menstrual cycle changes, cardiotoxicity, decreased memory and concentration, 
numbness, and shortness of breath (Zechariae et al, 2007; American Cancer Society, 
2006; Turner-Gomes et al., 1996). Radiation therapy is often accompanied by nausea, 
vomiting, and changes in skin color (Nilsson et al., 2005). Surgery often compromises 
range of motion at the shoulder.  Changes in breast shape, wound infection and a buildup 
of fluid in the wound are other common side effects of surgery (American Cancer 
Society, 2006). Hormonal therapy often causes hot flashes, vaginal discharge, headaches 
and blood clots (National Cancer Institute, 2007). 
 In addition to the aforementioned side effects, cancer treatment is often 
accompanied by fatigue, depression, pain, anxiety, hostility and reduced quality of life 
(Korstjens et al., 2006; Courneya and Friedenreich, 1999; Mutrie et al., 2007; Dimeo et 
al., 1999).  These side effects place an increased stress on the body and are associated 
with poor treatment outcomes.  Pharmaceuticals are often employed to treat some of 
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these side effects, but this treatment method offers only temporary relief and is often 
quite expensive (Crawford, 2002). Recently, more attention has been paid to 
complementary alternative treatments including exercise, guided imagery, nutritional 
support, relaxation and cognitive behavioral support groups (Galvao and Newton, 2005; 
Hewitt, Herdman, and Holland, 2004). These types of therapies may help to reduce both 
the physiological and psychological stress associated with cancer and its side effects. 
Exercise as a complementary alternative treatment 
 It has been shown that exercise can help to alleviate many of the physiological 
side-effects associated with cancer treatment (Courneya, 2003; Dimeo et al., 2001; 
Galvao and Newton, 2005; Dimeo et al., 1997). Potential benefits of cardiovascular 
exercise for cancer patients include an increase in blood volume and improvement in the 
delivery of oxygen and nutrients to tissues. The increase in blood flow is fundamental for 
the proper functioning of cells (Dimeo et al., 1997). Increased blood flow to organs and 
organ systems also contributes to improvements in the body’s natural defense 
mechanisms. More efficient removal of cellular debris and toxins caused by cancer 
treatments are also benefits of the administration of cardiovascular exercise for cancer 
patients (Dimeo et al., 1999). Resistance training can help to promote lean mass and fight 
the wasting of skeletal muscle that occurs as a result of cancer and its treatment (Al-
Majid and McCarthy, 2001). Flexibility exercises can help patients to maintain range of 
motion or at least partially offset the decrease in range of motion that can occur as a 
result of surgery and/or inactivity (Cheema and Gaul, 2006). 
 Peters and coworkers have shown that cardiovascular exercise after cancer 
treatment can elicit an increase in cytotoxic activity, granulocyte number and activity and 
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satisfaction with life (Peters et al., 1994; Peters et al., 1995). Dimeo and colleagues found 
an increase not only in exercise performance but also hemoglobin concentration along 
with a decrease in the severity of neutropenia, thrombopenia, diarrhea, pain and the 
duration of hospitalization (Dimeo et al., 1997). 
Research has shown that a combination of cardiovascular, resistance and 
flexibility training after cancer treatment can not only be tolerated by patients but may 
improve many physiological parameters.  Herrero and coworkers have shown that such a 
combined intervention elicited and increase in VO2peak, leg press strength and quality of 
life (Herrero et al., 2006) while Cheema and Gaul observed a decrease in the sum of 
skinfolds, waist girth and hip girth as well as an increase in upper and lower body 
strength, aerobic endurance, flexibility and quality of life (Cheema and Gaul, 2006). In a 
study conducted by Courneya and colleagues, the authors observed significant 
improvements in self-esteem, physical fitness and body composition in a group of breast 
cancer patients participating in a regular exercise routine (Courneya et al., 2007).  
While some positive effects on quality of life parameters have been noted in 
addition to physiological benefits, results are somewhat equivocal across the literature 
and it is not clear whether exercise is effective in aiding patients in coping with all of the 
psychological side effects associated with cancer treatment.  As an attempt to mitigate 
some of the psychological side effects commonly developed with cancer diagnosis and 
treatment, recreation therapy is often employed towards this goal.  The Leisure and Well-
Being Model (Hood and Carruthers, in press) is grounded in the belief that recreation 
therapy can positively impact an individual’s well being by enhancing one’s ability to 
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engage in leisure activities.  In practice, this model supports the application of many 
interventions targeting improved psychosocial well-being 
Recreation therapy as a complementary alternative treatment 
Many different recreation therapy activities have been explored in clinical 
settings; however, very little data is available to confirm possible benefits.  Bordeleau 
and colleagues found no significant improvement in quality of life in a cancer population 
in response to a group psychosocial intervention but the authors did find improvements in 
cognitive functioning and a decrease in fatigue (Bordeleau et al., 2003). Arving and 
coworkers found an increase in global quality of life in a group of cancer survivors in 
response to an individual psychosocial support intervention compared to a group 
receiving standard care (Arving et al., 2007).  
More recently, the use of HeartMath, a biofeedback technique, has become 
another option for cancer patients to cope with many of the psychological distresses 
caused by the disease.  Biofeedback is a training technique that allows individuals to 
become aware of and to regulate personal health using signals from their bodies. The 
body signals typically monitored during biofeedback include: brain activity, blood 
pressure, muscle tension, heart rate, and skin conductance levels (The Association for 
Applied Psychophysiology and Biofeedback, 2007). HeartMath is a personal stress relief 
technique that teaches individuals to be aware of and regulate their heart rhythms through 
a series of breathing and meditative exercises.  Specifically, HeartMath is used to help 
individuals regulate heart rate coherence and heart rate variability.  Heart rate coherence 
is a measure of the order, harmony and stability of mental and emotional processes in the 
body (McCraty et al., 2006). HRC is associated with autocoherence (coherence within the 
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rhythmic activity of the heart) and cross-coherence (coherence between different 
physiological systems) (McCraty et al., 2006).   
A growing body of research has suggested that emotions play a key role in not 
only psychological but also physiological functioning, with the heart playing a larger part 
in emotional functioning than previously thought (McCraty and Childre, 2003). Much 
research has recently come out of the Institute of HeartMath on the potential 
physiological and psychological benefits that can be accrued by increasing one’s heart 
rate coherence.  It has been shown that decreased stress and increased positive emotions 
are associated with a high degree of HRC (McCraty et al., 2006).  Frederickson has 
shown that in addition to the pleasant subjective feeling one acquires in a positive 
emotional state, an improvement in interrelated physiological, psychological and social 
benefits can be enjoyed as well (Frederickson, 2002). Von Ah and colleagues also found 
that positive emotions—specifically optimism—helped to attenuate the decrement in 
immune function that often occurs with breast cancer (Von Ah et al., 2007). Potential 
psychological benefits of positive emotions and high HRC include enhanced cognitive 
performance and mental clarity, increased emotional stability and increased feelings of 
well-being (McCraty et al., 2001). In addition to these psychological benefits, 
physiological benefits can also be accrued with high HRC.  Potential physiological 
benefits of high HRC include increased synchronization of the two branches of the 
autonomic nervous system, a shift in autonomic balance toward increased 
parasympathetic activity, improved heart-brain synchronization, more efficient hormonal 
release patterns, increased efficiency of fluid exchange and an increased ability of the 
 16 
cardiovascular system to adapt to circulatory demands (McCraty et al. 2003; McCraty et 
al. 2006).  
Heart rate variability is a measure of the naturally occurring beat-to-beat changes 
within the heart (McCraty and Childre, 2003). Perhaps counter intuitively, high HRV is 
associated with ordered rhythms while low HRV is associated with erratic rhythms.  
Analysis of HRV, or heart rhythms, provides a measure of neurocardiac function 
reflecting heart-brain interactions and autonomic nervous system dynamics which are 
highly sensitive to changes in emotions.  Specifically, it has been shown that heart 
rhythms become highly erratic and disordered during negative emotional states such as 
anger, frustration or anxiety; each of these emotions is likely high in a cancer population.  
On the contrary, heart rhythms become highly ordered during positive emotional states 
such as love, compassion or appreciation (McCraty and Childre, 2003). Research has 
shown that sustained states of positive emotions and thus sustained high HRV are 
associated with improved cognitive processing and perception, as well as improved 
hormonal balance, improved immunity and lower lipid levels (McCraty et al., 2006; 
Fredrickson, 2001; Davidson et al., 2003; McCraty et al., 1998; McCraty et al., 2003). 
McCraty and coworkers describe a state called “psychophysiological coherence” in 
which individuals are in a state of optimal functioning characterized by “increased 
synchronization, harmony, and efficiency in the interactions within and among the 
physiological, cognitive, and emotional systems.”  This condition is marked by a distinct 
change in the rhythmic activity of the heart towards an increase in HRV and HRC. 
These observations lend support to the link between positive emotions and 
increased physiological and psychological efficiency that may explain recently reported 
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correlations between positive emotions and improved health (Danner et al., 2001; 
Salovey et al., 2000). 
Breast cancer and stress 
Breast cancer patients are under a large amount of stress, both physiologically and 
psychologically (Cruess et al., 2000; Lebel et al., 2007); such chronic stress can influence 
the progression and recurrence of the disease (Cohen et al., 2007); Chronic stress can lead 
to a catabolic state, marked by high levels of circulating cortisol (Spiegel et al., 2006; 
Brenner et al., 1998) and low levels of circulating DHEA (Copeland et al., 2002); The 
ratio of cortisol:DHEA can be used as a catabolic-anabolic index due to cortisol’s role as 
a principal catabolic hormone, causing proteolysis, muscle wasting and osteoporosis 
(Loucks, 2005; Neal, 2001) and DHEA’s role as an anabolic hormone, promoting lean 
mass and bone density (Copeland et al., 2002). While decreases in the cortisol:DHEA 
ratio have been correlated with improved physiological functioning and homeostasis 
(McCraty et al., 1998), research has shown that the ratio is increased in breast cancer 
patients (van der Pompe et al., 1996). 
Therapies often used as complementary alternative treatments—namely exercise 
and recreation therapy—have been shown to have a positive impact on the 
cortisol:DHEA ratio; however, the combination of these treatments has not been 
examined in any population let alone a cancer population.  Chronic exercise training has 
been shown to decrease circulating cortisol levels (Shephard and Sidney, 1975; Buono et 
al., 1987) and increase circulating DHEA levels (Riechman et al., 2004; Boudou et al., 
2001; Aizawa et al., 2004). Cognitive behavioral stress management has been shown to 
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reduce serum cortisol in early stage breast cancer patients (Cruess et al., 2000) while high 
HRC has been associated with a decreased cortisol:DHEA ratio (McCraty et al., 1998). 
While research has shown that exercise might have psychological benefits as well 
as physiological benefits and recreation therapy might have physiological benefits as well 
as psychological benefits, it was postulated that combining the two complementary 
alternative therapies might afford breast cancer patients the best opportunity for positive 
treatment outcomes. 
Chapter III 
Methodology 
 
The primary purpose of this study was to determine if a six-week combined 
intervention using exercise and HeartMath impacted the cortisol:DHEA ratio in women 
who had recently completed breast cancer treatment.  The secondary purpose of this 
study was to determine if a six-week combined intervention using exercise and 
HeartMath impacted heart rate coherence (specifically the ratio of high:low HRC) and 
heart rate variability. 
The study followed a pre-test/post-test design.  Patients received a combined 
exercise and recreation therapy (HeartMath) intervention for six weeks; the 
cortisol:DHEA ratio and the ratio of high heart rate coherence to low heart rate coherence 
were analyzed prior to the intervention and again after the intervention.  
Subjects 
 All subjects were women (n=9) who had completed major treatment for breast 
cancer (surgery, chemotherapy and/or radiation) within six months.  The women had 
voluntarily enrolled in the Get REAL & HEEL Breast Cancer Program at the University 
of North Carolina at Chapel Hill, Department of Exercise and Sport Science. 
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Criteria for participation 
 All participants in the study fulfilled the following criteria: confirmed diagnosis 
of stage I, II or III invasive breast cancer; within six months of completion of all planned 
surgery, radiation therapy and chemotherapy; between 35 and 75 years of age. 
Exclusion criteria 
Any subjects who were determined by the supervising Get REAL & HEEL 
program physician to have any of the following conditions were excluded from the 
program: cardiovascular disease; acute or chronic respiratory disease; acute or chronic 
bone, joint or muscular abnormalities that would compromise the subject’s ability to 
participate in the exercise rehabilitation program; adequate renal function with a 
creatinine level less than 1.5 gm/dL; immune deficiency that would compromise the 
subject’s ability to participate in the exercise rehabilitation program; metastatic disease; a 
platelet count less than 90,000 per mm3 of blood; hematocrit less than 30; absolute 
neutrophil count less than 1500 per mm3 of blood. 
General procedures 
 The timeline for the current study spanned six weeks. (Figures 1, 2) During the 
first visit to the Get REAL & HEEL center, two salivary samples were collected. (Figure 
1)  The first sample was collected upon arrival to the lab (Sample 1).  The subjects then 
underwent approximately 20 minutes of HeartMath biofeedback exercises, as detailed 
below.  A second sample was collected following this 20 minute session (Sample 2). 
 The subjects then began a six-week intervention involving an exercise and 
HeartMath (recreational therapy) training program as outlined below.  All subjects 
performed both exercise and HeartMath biofeedback therapy three times per week.  
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Following this six-week intervention, two more salivary samples were collected.  The 
first sample was collected upon arrival to the Get REAL & HEEL center (Sample 3).  
The subject then underwent approximately 15 minutes of biofeedback exercises.  A 
second sample was collected following this 15 minute session (Sample 4). (Figure 1) The 
initial and follow-up salivary collections were to occur at the same time of day to account 
for hormonal circadian rhythms. 
  
 
 
 
 
 
 
 
Figure 1. Salivary sample collection timeline.  Salivary sample collections are 
represented by the * symbols. 
 
 Salivary sample collection and treatment 
 On days involving salivary sample collections, all subjects were provided with the 
following pre-assessment guidelines prior to arriving at the Get REAL & HEEL center: 
• Avoid brushing teeth within one hour of salivary collection 
• Avoid using salivary stimulants such as chewing gum, lemon drops, granulated 
sugar or drink crystals 
• Avoid consuming a major meal within one hour of salivary collection 
• Avoid alcohol within 12 hours of salivary collection 
15 minutes of 
biofeedback
Six weeks—Exercise 
and HeartMath training
*1 *4*3*2
= salivary sample collection*
20 minutes of 
biofeedback
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• Avoid consuming acidic or high sugar foods within 20 minutes of salivary 
collection 
• Avoid exercise within 12 hours of salivary collection 
Upon arrival at the Get REAL & HEEL center, subjects were instructed to rinse 
the mouth with water in an effort to remove any food particles; rinsing of the mouth 
occured ten minutes before the start of salivary collection.  Each subject was provided 
with a drinking straw and a plastic cup.  After being instructed to imagine eating their 
favorite food and allowing saliva to pool in the mouth, subjects tilted the head forward 
and guided saliva into the plastic cup through the drinking straw.  This procedure was 
repeated as often as necessary until approximately two (2) milliliters of saliva had been 
collected.  Samples were immediately put on ice until treated. 
The samples were centrifuged for 10 minutes at 3000 RPM in a refrigerated 
centrifuge at a temperature of 4° Celsius.  After centrifugation, the saliva was aliquotted 
and stored at -80° Celsius until assayed.   
Assays for hormonal analyses 
 Salivary concentrations of the hormones cortisol and dehydroepiandrosterone 
(DHEA) were determined via enzyme-linked immunosorbent assay (ELISA).  By 
determining hormonal concentrations in the saliva, information was gathered about the 
free (or active) portion of the hormones (Gozansky et al., 2005). Each sample was 
assayed in duplicate.  A detailed description of the ELISA technique can be found in 
Appendix 1. 
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Fitness assessment 
Once enrolled in the Get REAL & HEEL program, subjects underwent a battery 
of psychological and physiological assessments prior to participation in the current study. 
Of interest in the current study, resting vitals (blood pressure, heart rate, height, weight, 
hemoglobin saturation), cardiorespiratory endurance, muscular strength, muscular 
endurance, and flexibility were assessed. 
Cardiorespiratory endurance was assessed using the modified Bruce protocol or 
the YMCA cycle ergometer protocol depending on the physical capabilities of each 
subject. The modified Bruce protocol is a submaximal treadmill protocol that is 
appropriate for high-risk populations because it imposes a relatively low amount of stress 
on the subject (Heyward, 2002); A value of 75% of the predicted maximal heart rate was 
calculated using the Karvonen Method; this value was used as the test termination point 
during the modified Bruce protocol.  For the YMCA cycle ergometer protocol, a heart 
rate of 150 beats per minute was used as the termination point of the test. Either of these 
two cardiorespiratory endurance protocols was terminated earlier if the subject requested 
to stop. 
Muscular strength was assessed using a submaximal protocol designed at the 
Rocky Mountain Cancer Rehabilitation Institute (Greeley, CO).  Patients executed 
repetitions of specific exercises using a Biodex III isokinetic dynamometer and a hand 
held grip dynamometer until an RPE of 7 was reached during the exercise.  The 
resistance was chosen using a predetermined percentage of the subject’s body weight 
calculated according to their age and sex. 
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Muscular endurance was assessed using the push-up and the partial curl-up tests.  
Flexibility was assessed using a modified sit-and-reach box.  Detailed descriptions of all 
assessment procedures can be found in Appendix 2.  
Assessment of HRC and HRV 
To collect HRC and HRV data, subjects were instructed to perform three 
biofeedback exercises using HeartMath software prior to the six-week combined exercise 
and recreation therapy intervention (Baseline) and two biofeedback exercises using 
HeartMath software after the six-week combined exercise and recreation therapy 
intervention (Follow-up). (Figure 2) To use HeartMath software, each subject connected 
a small electrode to her ear lobe; heart rhythms were sensed via this electrode and were 
reflected via visual feedback on the screen of a laptop computer. 
During the baseline HRC and HRV assessment, subjects performed three 
biofeedback exercises.  For the first exercise, subjects were instructed to sit quietly for 10 
minutes and “just be”.  Subjects were allowed to think about and do anything they chose 
provided they remained seated and the HeartMath sensor remained attached to the 
earlobe.  This condition was termed Baseline Just Be.  The second exercise lasted 5 
minutes; subjects were instructed to do what they normally do to manage a stressful 
situation.  Again, the subjects were required to remain seated with the HeartMath sensor 
attached to the earlobe.  This condition was termed Baseline Manage Stress.  The third 
exercise also lasted for 5 minutes; during this exercise, subjects were taught how to use a 
technique called “Quick Coherence”.  The basic HeartMath® technique called "Quick 
Coherence" is a three-step exercise designed to induce HRC. Individuals were instructed 
to focus on the area of the heart, breathe rhythmically in and out to a count of five, and 
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then shift focus to a feeling of love and appreciation.  This condition was termed Baseline 
HeartMath. (Figure 2) 
 Following the six-week combined exercise and HeartMath intervention, subjects 
returned to the Get REAL & HEEL center for a follow-up biofeedback analysis session.  
Upon arrival, subjects were first instructed to “just be” for 10 minutes; this condition was 
termed Follow-up Just Be.  Subjects were then instructed to do what they normally do to 
manage a stressful situation for 5 minutes; this condition was termed Follow-up Manage 
Stress. (Figure 2) Because subjects had been performing recreation therapy using 
HeartMath for six weeks, they did not undergo the 5 minute training session on Quick 
Coherence during the Follow-up assessment of HRC and HRV.  
During the Baseline and Follow-up biofeedback sessions, HRC levels were 
monitored and classified using HeartMath software. Within HeartMath software, the 
overall HRC score is subdivided into high, medium and low categories.  Because both 
medium and high HRC are above average, these two scores were added and considered 
“high” for the purpose of this experiment.  Values for “high” and “low” HRC were 
determined, as well as the ratio of high HRC:low HRC.   
 
 
 
 
 
 
 
 
 
Figure 2. HRC was measured during each of the five conditions illustrated above.   
 
Baseline
Just Be
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Manage
Stress
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HeartMath
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10 min. 5 min. 5 min.10 min.5 min.
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Exercise intervention 
All subjects performed exercises at sub-maximal intensities that were determined 
according to the results of their initial physical assessments; exercises were performed 
with intensities varying between 20%-70% of predicted maximum capacity for each type 
of exercise. All subjects had a trained cancer exercise specialist from the Department of 
Exercise and Sport Science (graduate and undergraduate level) that monitored and 
conducted each exercise session. The design of the exercise intervention included 
cardiovascular training, resistance training, and flexibility exercises. The format for each 
exercise session involved an initial administration of a cardiovascular activity, followed 
by an entire body stretching session, resistance training, and a cool down period that 
included stretching activities. This format follows the ACSM (2006) guidelines for the 
components that should be included in a training session with the goal of promoting 
overall beneficial physiological responses.  
 Cardiovascular activities included treadmill (walking), cycle ergometer, stepper, 
cross trainer, or elliptical equipment.  For the resistance part of the exercise session, 8-12 
different types of resistance exercises that used all major muscle groups were utilized. All 
resistance exercises were performed using weight machines, free weights (hand 
dumbbells), elastic bands, or therapeutic balls (fit balls). The resistance exercises that 
were used during the program included: lateral and frontal raises (shoulder specific 
exercises), horizontal chest press, lat pull down, alternating biceps curls with dumbbells, 
triceps extension, leg press, leg extension, leg curl, standing calf raises and three different 
types of abdominal exercises (regular crunches, oblique crunches, and lower abdominal). 
For the development of a training effect, the increases in load during the experiment 
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followed the ACSM guidelines (2006) for resistance exercise training methods. The 
number of repetitions for each exercise ranged from 6-12 repetitions depending on the 
physical state of the subject during each exercise session. Subjects performed a maximum 
of three sets of each exercise per session. During the first weeks of the program, all 
subjects performed only one set of each exercise.  During the following weeks, patients 
progressively advanced to performing two to three sets for each exercise which was 
administered until the end of the program. The movements for each exercise were 
performed at a moderate speed (three seconds of the concentric phase and three seconds 
of the eccentric phase of the movement during each repetition). The rest interval period 
between each set and between each exercise varied from thirty seconds to one minute 
according to each subject’s needs.  
Regardless of the duration of exercise that was administered to the subjects each 
month, the structure of the exercise portion of each session included the following 
component percentages: 
 Cardiovascular workout: 20%  
 Resistance Training: 60% 
 Flexibility: 5% 
 Shoulder Rehabilitation: 15% 
Recreation Therapy intervention 
 In an attempt to develop the capacity to engage in mindful leisure and experience 
leisure appreciation (Hood and Carruthers, in press), subjects underwent recreation 
therapy on the same days as exercise.  Recreation therapy was taught using HeartMath®, 
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Healing Rhythms and emWave PC; these are three software packages that aim to instruct 
individuals to increase HRC and HRV. Each software package is a form of biofeedback 
and a personal stress relief technique that trains individuals to be aware of and regulate 
their HRC and HRV during various emotional states.  Subjects placed a small sensor on 
their earlobe that monitored their heart rate and rhythms and provided visual and/or 
audible "feedback" about what was occurring in their body.  Recreation therapy was 
administered three times a week with each session lasting thirty minutes.  Recreation 
therapy was performed on the same day as exercise training. 
Instrumentation 
 Heart rate was measured using a Polar heart rate monitor (Lake Success, NY); 
blood pressure was measured using a Diagnostix 700 aneroid sphygmomanometer 
(Hauppauge, NY) and Litmann stethoscope (St. Paul, MN); hemoglobin saturation was 
measured with a Sport Stat finger pulse oxymeter (Plymouth, MN); height and weight 
were measured using a balance beam physician scale equipped with a height rod (Health-
o-meter 402KL Rye, NY). 
 Cardiovascular endurance was assessed using the modified Bruce treadmill 
protocol (Quinton Fitness Equipment, Bothell, WA) or the YMCA cycle ergometer 
protocol (Monark Exercise AB).  Muscular strength was assessed using a sub-maximal 
testing protocol designed at the Rocky Mountain Cancer Rehabilitation Institute 
(Magnum Fitness Retro Series Machine, South Milwaukee, WI).  Flexibility of the 
hamstrings and lower back was assessed using a modified sit and reach box (Acuflex I, 
Novel Products, Inc., Rockton, IL). 
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 Salivary cortisol concentrations were determined using an expanded range high 
sensitivity salivary cortisol EIA kit (Salimetrics LLC, State College, Pennsylvania); 
salivary DHEA concentrations were determined using an enzyme immunoassay kit 
(Salimetrics LLC, State College, Pennsylvania). A microplate washer (Sanofi Pasteur 
LP35, Marnes-LA-Coquette, France) and reader (Finstruments microplate reader, MXT 
Labs, Inc.) were used during the assay process. 
Statistical Analyses 
All data were gathered and entered into an electronic database for analysis. 
Descriptive statistics were presented in the form of means and standard deviations. All 
data were analyzed using SPSS version 15.0 for Windows, a statistical software program.  
The alpha level was set a priori at 0.05 for all analyses.  Each hypothesis was analyzed as 
follows: 
Hypothesis 1): There will be a decrease in the cortisol:DHEA ratio following the 
six-week intervention.  The student’s t-test was used to compare the ratio of 
cortisol:DHEA between salivary samples 1 and 3.   
Hypothesis 2): There will be no change in the cortisol:DHEA ratio in response to 
a single HeartMath biofeedback session. The student’s t-test was used to compare the 
ratio of cortisol:DHEA between salivary samples 1 and 2 and salivary samples 3 and 4.  
A comparison of cortisol:DHEA between samples 1 and 2 determined if there was an 
immediate effect on stress hormone levels after a HeartMath biofeedback session prior to 
the six-week intervention.  A comparison between samples 3 and 4 determined if there 
was an immediate effect of a HeartMath biofeedback session after the six-week 
intervention.   
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Hypothesis 3): There will be an increase in the ratio of high HRC to low HRC 
following the six-week combined exercise and HeartMath biofeedback intervention and 
Hypothesis 4):  There will be an increase in the ratio of high HRC to low HRC following 
a single HeartMath biofeedback session. 
A one way repeated measures ANOVA was used to compare the ratio of high 
HRC:low HRC for each of the five conditions (three Baseline and two Follow-up 
conditions).  In the case of a significant F ratio, a Tukey HSD post-hoc test was 
employed.   
 
Chapter IV 
 
Results 
 
 
The primary purpose of this study was to determine if a six-week combined 
intervention using exercise and HeartMath impacts the cortisol:DHEA ratio in women 
who have recently completed breast cancer treatment. It was hypothesized that the 
intervention would elicit a decreased cortisol:DHEA ratio.  The secondary purpose of this 
study was to determine if a six-week combined intervention using exercise and 
HeartMath impacts heart rate coherence (specifically the ratio of high:low HRC) It was 
hypothesized that the intervention would elicit an increase in the ratio of high HRC:low 
HRC.  Nine women fulfilled the criteria for participation and completed the study.  The 
mean age of the participants was 56.8 ± 10.0 years. 
It was initially proposed that heart rate variability would be analyzed in the 
current study.  The software required for analysis of this parameter was not available at 
the University of North Carolina at Chapel Hill at the time of writing.  The HeartMath 
data files for the nine subjects in the current study were purported to be analyzed for heart 
rate variability by researchers at the Institute of HeartMath.  However, the Institute of 
HeartMath was unable to analyze the data files in a reasonable amount of time; to avoid 
major delays in the interpretation of the data and subsequent completion of the current 
study, heart rate variability data has not been included. 
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Additionally, it was initially proposed that all subjects in the current study would 
receive a combined intervention including both exercise and recreation therapy.  Data 
(salivary samples and HeartMath data) was initially collected for eight subjects, all of 
whom received a combined intervention including both exercise and recreation therapy.  
However, the industrial freezer which contained the salivary samples malfunctioned; 
each of the salivary samples remained thawed for several days and were purportedly non-
viable for analysis of cortisol and DHEA.  These eight subjects were excluded from the 
current study and data collection began on a new group of subjects.  To avoid extreme 
delays in data collection, some subjects who were receiving exercise alone or recreation 
therapy alone were included in the study in addition to subjects who were receiving the 
combined exercise and recreation therapy intervention.  Therefore, the results presented 
below are for a sample where four subjects received exercise and recreation therapy, four 
subjects received only exercise and one subject received only recreation therapy.   
Following the presentation of data for hypotheses three and four (which involve 
the examination of heart rate coherence), the results of additional exploratory analyses 
are presented in which the data was analyzed for only the subjects who received the 
combined exercise and recreation therapy intervention.  Exploratory analyses were 
performed for hypotheses three and four because heart rate coherence is affected by 
HeartMath training to a greater extent than exercise. 
The first research hypothesis stated that there would be a decrease in the 
cortisol:DHEA ratio following the six-week combined exercise and recreation therapy 
intervention.  Descriptive data for the analysis of the first research hypothesis is presented 
in table 1 below.  As indicator of the quality of the hormonal analyses, the coefficients of 
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variance for cortisol and DHEA are as follows: 2.77 ± 2.21 and 2.49 ± 1.70, respectively.  
High and low control samples were included in the hormonal assays as a further measure 
of assay quality.  For cortisol, the predicted value of the high control was 1.072 ± 2.68 
µg/dl while the measured value was 1.384 µg/dl; the predicted value of the low control 
was 0.108 ± 0.027 µg/dl while the measured value was 0.069 µg/dl.  For DHEA, the 
predicted value of the high control was 612.44 ± 153.11 pg/ml while the measured value 
was 618.97 pg/ml; the predicted value of the low control was 35.37 ± 14.15 pg/ml while 
the measured value was 28.83 pg/ml.  The regression models used for prediction of 
hormone concentrations showed correlation coefficients of 0.987 for cortisol and 0.971 
for DHEA. 
 
Table 1. Descriptive data for the ratio of cortisol:DHEA.  Data are presented for each of 
four salivary sample collections. Sample 1: Taken prior to the six-week intervention, 
prior to the Baseline HeartMath session. Sample 2: Taken prior to the six-week 
intervention, after Baseline HeartMath session. Sample 3: Taken after six-week 
intervention, prior to Follow-up HeartMath session. Sample 4: Taken after the six-week 
intervention, after the Follow-up HeartMath session. (n=9) 
 
 Pre-intervention Post-intervention 
 Sample 1 Sample 2 Sample 3 Sample 4 
Mean 1.005 0.808 0.935 0.755 
SD 0.502 0.261 0.513 0.641 
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Figure 3. Cortisol:DHEA ratio values for salivary sample collections 1-4 for each of nine 
subjects.  The horizontal lines represent the mean value for each salivary sample. 
 
The results of a student’s t-test showed that no significant difference was 
observed between pre-intervention and post-intervention measurements (samples 1 and 3, 
respectively, p=0.747). 
The second research hypothesis stated that there would be no change in the 
cortisol:DHEA ratio in response to a single HeartMath biofeedback session. Descriptive 
data for the analysis of the second research hypothesis is presented in table 1 above.  The 
results of a student’s t-test showed that no significant difference was observed in the 
cortisol:DHEA ratio in response to a single HeartMath biofeedback session prior to the 
six-week intervention (samples 1 and 2, p=0.173) or following the intervention (samples 
3 and 4, p=0.172). 
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The third research hypothesis stated that there would be an increase in the ratio of 
high HRC:low HRC following the six-week combined exercise and HeartMath 
biofeedback intervention.  Descriptive data for the analysis of the third hypothesis is 
presented graphically in figure 3.  The results of a one-way within subjects ANOVA 
showed that no significant difference was observed in the ratio of high HRC:low HRC in 
response to the intervention (p=0.155 Baseline Just-Be vs. Follow-up Just Be; p=0.289 
Baseline Manage Stress vs. Follow-up Manage Stress). 
Further exploratory analysis involving only the four subjects who received the 
combined intervention showed that there was no significant difference in the ratio of high 
HRC:low HRC in response to the intervention (p=0.172 Baseline Just-Be vs. Follow-up 
Just Be; p=0.325 Baseline Manage Stress vs. Follow-up Manage Stress). 
The fourth research hypothesis stated that there would be an increase in the ratio 
of high HRC:low HRC following a single HeartMath biofeedback session.  Descriptive 
data for the analysis of the fourth hypothesis is presented graphically in figure 3.  The 
results of a one-way within subjects ANOVA showed that no significant difference was 
observed in the ratio of high HRC:low HRC in response to a single HeartMath 
biofeedback session (p=0.166 Baseline Just-Be vs. Baseline Manage Stress; p=0.220 
Follow-up Just Be vs. Follow-up Manage Stress).  However, the ratio of high HRC:low 
HRC was found to be significantly higher during the Baseline HeartMath session in 
which subjects were first instructed in the Quick Coherence technique compared to the 
Baseline Just Be condition (p=0.017).  The percent change in the ratio of high HRC:low 
HRC between conditions is presented below in table 2. 
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Further exploratory analysis involving only the four subjects who received the 
combined intervention showed that there was no significant difference in the ratio of high 
HRC:low HRC in response to a single HeartMath biofeedback session (p=0.300 Baseline 
Just-Be vs. Baseline Manage Stress; p=0.299 Follow-up Just Be vs. Follow-up Manage 
Stress).   
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Ratio of high HRC:low HRC for each of four conditions.  Values are presented 
as mean ± standard deviation. (n=9) 
 
 
A summary of each comparison made is presented below in table 3.  The results 
obtained during the study support the second research hypothesis and refute the first, 
third and fourth research hypotheses. 
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Table 2. Percent changes in high HRC:low HRC 
Conditions compared Percent Change 
Baseline Manage Stress vs. Baseline Just Be 473% 
Follow-up Mange Stress vs. Follow-up Just Be 1381% 
Follow-up Just Be vs. Baseline Just Be 98% 
Follow-up Manage Stress vs. Baseline Manage Stress 534% 
 
Table 3. Summary of all comparisons made during the testing of research hypotheses 1-4 
and the associated probability values. 
 
Measure Comparison p-value 
Cortisol:DHEA 
 
Sample 1 vs. Sample 3 
Sample 1 vs. Sample 2 
Sample 3 vs. Sample 4 
 
 
0.747 
0.173 
0.172 
High HRC:Low HRC 
 
Baseline Just Be vs. Follow-up Just Be 
Baseline Manage Stress vs. Follow-up Manage Stress 
Baseline Just Be vs. Baseline Manage Stress 
Follow-up Just Be vs. Follow-up Manage Stress 
 
 
0.155 
0.289 
0.166 
0.220 
 
 
Chapter V 
Discussion 
 
 It has been shown in a number of research studies that exercise can be an effective 
tool in helping breast cancer patients combat the wide array of physiological side-effects 
that accompany the disease and its treatment.  Reduced fatigue levels and improved 
cardiovascular, pulmonary and endocrine system functioning are but a few of the many 
physiological improvements that have been reported in breast cancer patients in response 
to exercise interventions. (Courneya 2003; Galvao and Newton, 2005)  It is less clear, 
however, whether exercise is effective in helping patients cope with the majority of 
psychological side-effects associated with breast cancer and its treatment.  In an effort to 
aid patients in management of the psychological side-effects associated with breast 
cancer and its treatment, recreation therapy is often employed.  Improvements in quality 
of life and cognitive functioning are among the psychological improvements that have 
been noted in breast cancer patients in response to a recreation therapy intervention 
(Bordeleau et al., 2003; Arving et al., 2007). 
 While exercise and recreation therapy interventions have been shown to be 
effective post-treatment therapies independently, the combination of such therapies has 
not been examined in any population, let alone a breast cancer population.  It is 
postulated that the combination of exercise and recreation therapy might provide a more 
comprehensive and well-rounded approach to combating the many detrimental side-
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effects of cancer and its treatment (Battaglini et al., 2006).  By combining these therapies, 
patients might be able to more effectively manage both the physiological and 
psychological challenges involved with surviving breast cancer.  In the current study, 
nine women who had recently completed treatment for breast cancer completed a six-
week intervention consisting of three weekly sessions of exercise, recreation therapy or a 
combination of exercise and recreation therapy.   
The primary purpose of this study was to determine if a six-week intervention 
using exercise and/or HeartMath impacts the cortisol:DHEA ratio in women who have 
recently completed breast cancer treatment.  It was hypothesized that the intervention 
would elicit a decreased cortisol:DHEA ratio.  The secondary purpose of this study was 
to determine if a six-week intervention using exercise and/or HeartMath impacts heart 
rate coherence (specifically the ratio of high HRC:low HRC).  It was hypothesized that 
the intervention would elicit an increase in the ratio of high HRC:low HRC.  Data 
regarding heart rate variability were not included in this study due to software 
complications at the Institute of HeartMath. 
Cortisol and DHEA 
The values obtained for cortisol are comparable to those reported in previous 
research in a similar population (Spiegel et al., 2006).  The values obtained for DHEA are 
lower than values reported previously for healthy populations (Copeland et al., 2002; 
Riechman et al., 2004); however, it has been reported that DHEA levels are lower in 
women with breast cancer than in their healthy counterparts. (Kent, 1982) Thus, the 
hormone levels found in the current study appear to be reasonable suggesting that the 
salivary sample collections and hormonal analyses were performed properly. 
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Research has suggested that selective estrogen receptor modulators (SERMs), a 
class of drugs which includes Tamoxifen, can have a suppressive effect on adrenal 
corticosteroid release.  Genezzani and coworkers performed a study examining hormone 
levels in response to long-term (12 months) SERM administration; the authors reported a 
36% decrease in circulating DHEA and a 24% decrease in circulating cortisol (Genezzani 
et al., 2003).  The authors suggest that the adrenal gland loses sensitivity to ACTH in 
response to long-term SERM use.  
In addition to lower corticosteroid levels in the breast cancer population, Touitou 
and coworkers reported that breast cancer patients have significantly altered cortisol 
secretion patterns (Touitou et al., 1996).  In fact, Speigel et al., suggesting disrupted 
HPA-axis feedback inhibition processes, reported that only approximately one-third of 
breast cancer patients showed normal circadian rhythms for cortisol release (Spiegel et 
al., 2006).  Similar to the findings of Spiegel et al., there was a high degree of variability 
in the hormonal levels of the subjects in the current study. 
 The first research hypothesis stated that there would be a decrease in the 
cortisol:DHEA ratio following the six-week combined exercise and recreation therapy 
intervention.  No significant differences were found in the cortisol:DHEA ratio following 
the intervention; the first research hypothesis was rejected.  Eight of the nine subjects in 
the present study were on Tamoxifen or a similar adjunct therapy.  It is suggested that the 
suppressive effect of SERMs on cortisol and DHEA described earlier was one of the 
main reasons for the lack of a significant change in the cortisol:DHEA ratio in the present 
study (Genazzani et al., 2003).  An increase in DHEA levels combined with a 
concomitant decrease in cortisol levels would provide the best scenario for a decreased 
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cortisol:DHEA ratio; the adjunct therapy status of the subjects in this study made this 
scenario very difficult to achieve.  Despite a trend towards lowered cortisol levels 
following the intervention, the fact that SERMs affect DHEA to a greater extent than 
cortisol likely prevented any decrease in the cortisol:DHEA ratio from being observed 
(Genazanni et al., 2003).  Although DHEA has been suggested to have numerous positive 
effects (Copeland et al., 2002), its suppression via SERMs should not imply that this 
class of drugs is anything less than helpful; SERMs can lower estrogen levels (Genazzani 
et al., 2003), thus eliciting a protective effect against the recurrence of breast cancer. 
 The small sample size in the current study is another possible reason for the lack 
of observing a significant decrease in the cortisol:DHEA ratio.  Because of the large 
variability often associated with endocrine measures, a larger sample size would have 
been desirable.  
 In a recent review article by Galvao and Newton, the authors reported that studies 
involving exercise interventions in the cancer population use a variety of intensities 
(Galvao and Newton, 2005). Because of the large variability inherent in the cancer 
population, it is unclear what the optimal intensity is to maximize physiological benefits.  
The subjects in the current study were exercising only at approximately 40-60% of their 
heart rate reserve; although this would be a very low intensity in a healthy population, 
research has suggested that physiological benefits can be accrued at this intensity in a 
cancer population (Galvao and Newton, 2005). However, not only were the subjects 
sedentary prior to involvement in the current study, they were of extremely compromised 
physical condition.  In any sedentary individual, the initial adaptations upon beginning an 
exercise program are primarily neuromuscular in nature rather than physiological 
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(Heyward). Only after the initial 8-12 weeks of regular exercise will physiological 
adaptations become evident. Despite the fact that previous research has shown that 
exercise interventions of a similar duration can decrease resting cortisol (Buono et al., 
1987; Shepherd and Sidney, 1975) and increase resting DHEA (Copeland at al., 2002; 
Reichmann et al., 2004), it is possible that the relatively short duration of the intervention 
combined with the sedentary nature of the subjects and the aforementioned 
adrenocorticoid suppression due to SERM usage prevented any significant hormonal 
changes from being observed.  If the combined exercise and recreation therapy 
intervention were carried out over the course of several months, perhaps more 
pronounced hormonal changes would have been observed.  
 The second research hypothesis stated that there would be no change in the 
cortisol:DHEA ratio in response to a single HeartMath biofeedback session.  No 
significant change was found in the ratio of cortisol:DHEA in response to a single 
HeartMath biofeedback session prior to or following the intervention; the second research 
hypothesis was accepted.  Both the pre- and post-intervention HeartMath biofeedback 
sessions lasted only approximately 25-30 minutes.  Because the respective half-life 
values of cortisol and DHEA are both greater than this, the lack of a significant change in 
the ratio was unsurprising (Gusenoff et al. 2001).  
Heart Rate Coherence 
The reader is reminded that all subjects in the current study were initially 
proposed to receive a combined exercise and recreation therapy intervention.  As 
mentioned previously, the industrial freezer which contained salivary samples for eight 
subjects who had received a combined intervention malfunctioned; each of the salivary 
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samples remained thawed for several days and were purportedly non-viable for analysis 
of cortisol and DHEA.  These eight subjects were excluded from the current study and 
data collection began on a new group of subjects.  To avoid extreme delays in data 
collection, some subjects who were receiving exercise alone or recreation therapy alone 
were included in the study in addition to subjects who were receiving the combined 
exercise and recreation therapy intervention.  Therefore, the results presented below are 
for a sample where four subjects received exercise and recreation therapy, four subjects 
received only exercise and one subject received only recreation therapy.  It is postulated 
that the results of the current study might have been different if all subjects had received 
the combined intervention as initially proposed. 
 The third research hypothesis stated that there would be an increase in the ratio of 
high HRC:low HRC following the six-week combined exercise and HeartMath 
biofeedback intervention.  No significant difference was found in the ratio of high 
HRC:low HRC in response to the intervention.  The lack of a significant finding could 
again be due to the small sample size and the large degree of variability associated with 
the measure.  Additionally, one subject had undergone Mind-Body Awareness training at 
the Duke Center for Integrative Medicine.  This subject was much more skilled at 
achieving high HRC and contributed greatly to the variability in the data. 
 As mentioned previously, due to the nature of the Get REAL & HEEL Breast 
Cancer Rehabilitation Program and issues with subject grouping, not all subjects received 
the combination of exercise and recreation therapy for the full duration of the 
intervention.  Four of the nine subjects received only exercise and one subject received 
only recreation therapy.  It is postulated that if all nine subjects had received recreation 
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therapy training over the course of the six-week intervention, the findings with respect to 
heart rate coherence could have been different.  
Further exploratory analysis of the data revealed that when the with subjects split 
into three groups (Exercise and Recreation Therapy, Exercise only, and Recreation 
Therapy only), the subjects receiving both exercise and recreation therapy and the 
subjects receiving recreation therapy alone showed large improvements in the high 
HRC:low HRC ratio while the subjects receiving exercise only showed no improvement. 
The design of the current study does not allow for worthwhile comparisons to be made or 
for mechanisms to be postulated, but exercise did not appear to improve HRC; future 
research might benefit from this knowledge and be able to improve the design of similar 
studies. Clearly the small number of subjects in each of these subgroups does not allow 
for any conclusive statements to be made and the aforementioned observations have been 
made only to suggest future research.   
 While no significant differences were found in response to the intervention, 
numerically the ratio of high HRC:low HRC did increase (0.41 to 0.81 Baseline Just Be 
vs. Follow-up Just Be; 2.33 to 14.81 Baseline Manage Stress vs. Follow-up Manage 
Stress). Although not statistically significant, this data could be of clinical relevance as 
the harmony among the various systems of the body is associated with the degree of high 
heart rate coherence.     
The fourth research hypothesis stated that there would be an increase in the ratio 
of high HRC:low HRC following a single HeartMath biofeedback session.  No 
significant differences were observed when comparing the Manage Stress condition to 
the Just Be condition at either baseline or follow-up.  This data suggests that there was no 
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change in the ratio of high HRC:low HRC in response to a single HeartMath biofeedback 
session; the fourth research hypothesis was rejected.  Similar to the third research 
hypothesis, the lack of a significant finding is likely due in part to the small sample size 
and the high degree of variability associated with the measure.   
Although no significance was achieved, the ratio of high HRC:low HRC did 
increase numerically in the Manage Stress conditions compared to the Just Be conditions 
at both Baseline (0.41 to 2.33 Baseline Just Be vs. Baseline Manage Stress) and Follow-
up (0.81 to 14.81 Follow-up Just Be vs. Follow-up Manage Stress).  Although not 
statistically significant, this data could be of clinical relevance since the interaction 
among the various systems of the body is more harmonious and efficient with high levels 
of heart rate coherence. 
When subjects were first instructed in the Quick Coherence Technique (during the 
Baseline HeartMath condition), the ratio of high HRC:low HRC was significantly higher 
compared to the Baseline Just Be condition.  Previous research has shown that the Quick 
Coherence Technique is an efficient way to increase heart rate coherence (McCraty et al. 
2003); the findings of the current study are in agreement.  The fact that subjects were able 
to increase the ratio of high HRC:low HRC while practicing the Quick Coherence 
Technique suggests that the HeartMath biofeedback intervention works (i.e. heart rate 
coherence is increased) acutely.  However, the fact that there was no difference in high 
HRC:low HRC when comparing the Baseline conditions to the Follow-up conditions 
suggests that the subjects were unable to maintain the acute increase in heart rate 
coherence across the course of the intervention.  This finding may have been different if 
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all of the subjects had received recreation therapy training over the course of the six-week 
intervention. 
Recommendations for Future Research 
 Future research should attempt to control for the circadian rhythms of the cortisol 
and DHEA much more strictly.  Due to the nature of the Get REAL & HEEL Breast 
Cancer Rehabilitation Program and the busy schedules of the subjects, it was difficult to 
have all subjects provide salivary samples at the exact same time of day.  In addition, as 
mentioned previously, research has also suggested that breast cancer patients show 
abnormal hormonal release patterns (Spiegel et al. 2006).  In future studies, it might be 
helpful to collect multiple salivary samples at a variety of times throughout the day in an 
effort to gain insight into the release patterns of cortisol and DHEA.  Alternatively, a 24-
hour urine profile could be collected and analyzed for the ratio of cortisol:DHEA.  From 
a 24-hour profile, the circadian rhythms of both cortisol and DHEA (and any associated 
disruptions) could be monitored. 
 In future research, it might prove interesting to examine and report the values of 
cortisol and DHEA alone rather than the ratio of cortisol:DHEA.  Although ratio values 
can provide useful data, it might be beneficial to examine the absolute changes in each 
parameter rather than looking at ratio values. 
 Data from healthy age- and gender-matched control subjects could prove 
beneficial in future studies to serve as a basis of comparison.  Data from such subjects 
could provide further insight into the effect of a combined exercise and recreation therapy 
intervention in a breast cancer population.  The relatively limited literature regarding 
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heart rate coherence in the cancer population could prove comparisons between healthy 
individuals and individuals recovering from breast cancer interesting. 
 An effort should be made to increase the sample size in future research studies 
and randomized controlled trials.  A larger randomized controlled trial including a non- 
treatment group plus the addition of age-matched healthy controls would allow for not 
only the examination of changes of the parameters included in the current experiment, but 
also a more precise understanding of the impact of the intervention used in the study. 
Additionally, valuable comparisons could be made between groups receiving exercise 
alone, groups receiving recreation therapy alone and groups receiving both exercise and 
recreation therapy with a larger number of subjects.  While curiosities may arise and 
postulations may be made that (at least with respect to heart rate coherence) the 
combination of exercise and recreation therapy might serve as a better intervention than 
exercise alone, nothing can be concluded with any solidarity due to the small sample size 
and the design of the current study. 
 The main purpose of the current study was to determine whether stress levels in 
breast cancer patients were decreased in response to a six-week combined exercise and 
recreation therapy intervention.  Because of the many extraneous variables often 
associated with the cancer experience (Tamoxifen use or other similar adjunct therapies 
being at the forefront in the current study), the measurement of hormone levels might not 
be the most effective method to classify stress.  Another biomarker (or biomarkers) that is 
less affected by adjunct therapies might prove to be a more effective measure.  It is 
postulated that studying the activity of the HPA-axis by a method rather than hormone 
levels which are subject to suppression via SERMs might provide interesting results.  In a 
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study by Maes et al. with patients suffering from severe depression, hyperactivity of the 
HPA-axis seems to be mediated in part by IL-1β (Maes et al., 1993). In Maes et al.’s 
study, a positive relationship between IL-1β and post-dexamethasone cortisol was 
observed.  Due to the relationship between IL-1β and cortisol and the assumption made 
by the authors that IL-1β may in part mediate HPA-axis activity, IL-1β may warrant 
study as a potential marker of stress in cancer patients.  Although drugs used to treat 
depression did not appear to affect IL-1β levels in Maes’ study, this may not be true for 
drugs used to treat breast cancer patients and therefore research should be conducted to 
address this possibility.  A later study by Wichers and Maes (2002) suggests that, in 
addition to IL-1β, HPA-axis activity may also be mediated by the cytokines IL-6, IL-1 
and TNF-α; although inflammation and stress are certainly different, it appears that the 
two may be related and the possibility of measuring one of the aforementioned immune 
parameters as an indirect indicator of stress merits study.    
Aside from using different biomarkers as indicators stress, in future experiments it 
could be of value to study a sample of patients who were not being treated with SERMs.  
This may allow for confirmation of the current literature on the effect of certain 
anthracyclins on hormonal release.  Additionally, supplementation of a physiological 
measure with some sort of a psychological or psychosocial questionnaire might aid in the 
interpretation of research findings.  The results of the current study bring to light a wide 
array of future directions that warrant study. 
Conclusion  
Although three of the four research hypotheses were not supported by the data of 
the current study, a great deal of information was obtained and many considerations for 
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future research were revealed.  Increasing the statistical power with a larger sample size 
could allow for a much more accurate analysis of the effects of a combined exercise and 
recreation therapy intervention; future research could provide more conclusive evidence 
regarding the preliminary trends that were observed in the current study. 
The lack of statistically significant findings in this study should not be interpreted 
as a failure to provide of information regarding the impact of exercise and recreation 
therapy on stress hormones and heart rhythms.  Rather, this study may serve as a starting 
point for future experiments studying how hormonal and heart rhythm changes in cancer 
patients can contribute to improved treatment outcomes, symptom management and 
possibly even survivorship. 
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Biochemical assay procedures 
 
Procedure for cortisol enzyme-linked immunosorbent assay 
Adapted from Salimetrics Expanded Range High Sensitivity Salivary Cortisol EIA Kit 
 
1. Determine plate layout 
2. Place NSB (non-specific binding) wells in desired location on microplate 
3. Pipette 24 mL of assay diluent into a disposable tube. Set aside for step 5. 
4. Pipette 25 µL of standards, controls, and unknowns into appropriate wells.  Standards, 
controls and unknowns should be assayed in duplicate.  Pipette 25 µL of assay diluent 
into 2 wells to serve as the zero.  Pipette 25 µL of assay diluent into each NSB well. 
5. Make a 1:1600 dilution of the conjugate by adding 15 µL of the conjugate to the 24 
mL of assay diluent prepared in step 3.  Immediately mix the diluted conjugate solution 
and pipette 100 µL into each well using a multichannel pipette. 
6. Mix plate on rotator for 5 minutes at 500 rpm (or tap to mix) and incubate at room 
temperature for an additional 55 minutes. 
7. Wash the plate 4 times with 1X plate wash buffer. 
8. Add 200 µL of TMB solution to each well with a multichannel pipette. 
9. Mix on a plate rotator for 5 minutes at 500 rpm (or tap to mix) and incubate the plate in 
the dark at room temperature for an additional 25 minutes. 
10. Add 50 µL of stop solution with a multichannel pipette. 
11. Mix on a plate rotator for 3 minutes at 500 rpm (or tap to mix). Caution: do not mix at 
speeds over 600 rpm.  Wipe off bottom of plate with a water-moistened, lint-free cloth 
and wipe dry.  Read in a plate reader at 450 nm.  Read plate within 10 minutes of adding 
stop solution. 
 
Calculations 
1. Compute the average optical density (OD) for all duplicate wells. 
2. Subtract the average OD for the NSB wells from the average OD of the zero, 
standards, controls, and unknowns. 
3. Calculate the percent bound (B/B0) for each standard, control and unknown by 
dividing the average OD (B) by the average OD for the zero (B0). 
4. Determine the concentrations of the controls and unknowns by interpolation using 
software capable of logistics.  We recommend using a 4-parameter sigmoid minus curve 
fit. 
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Procedure for DHEA enzyme-linked immunosorbent assay 
Adapted from Salimetrics Salivary DHEA Enzyme Immunoassay Kit 
 
1. Determine plate layout 
2. Place NSB (non-specific binding) wells in desired location on microplate 
3. Label five microcentrifuge tubes or other small tubes 2 through 6.  Pipette 150 µL of 
assay diluent into tubes 2 through 6.  Serially dilute the standard 2.5X by adding 100 µL 
of the 1000 pg/ml standard (tube 1) to tube 2.  Mix well.  After changing pipette tips, 
remove 100 µL from tube 2 to tube 3.  Continue for tubes 4, 5 and 6.  Pipette 18 ml of 
assay diluent into disposable tube and set aside for step 5. 
4. Pipette 50 µL of standards, controls, and unknowns into appropriate wells.  Standards, 
controls and unknowns should be assayed in duplicate.  Pipette 50 µL of assay diluent 
into 2 wells to serve as the zero.  Pipette 50 µL of assay diluent into each NSB well. 
5. Make a 1:1500 dilution of the conjugate by adding 12 µL of the conjugate to the 18 
mL of assay diluent prepared in step 3.  Immediately mix the diluted conjugate solution 
and pipette 150 µL into each well using a multichannel pipette. 
6. Cover plate with adhesive cover provided.  Mix plate on rotator for 5 minutes at 500 
rpm (or tap to mix) and incubate at room temperature for 3 hours. 
7. Wash the plate 4 times with 1X plate wash buffer. 
8. Add 200 µL of TMB solution to each well with a multichannel pipette. 
9. Mix on a plate rotator for 5 minutes at 500 rpm (or tap to mix) and incubate the plate in 
the dark at room temperature for an additional 25 minutes. 
10. Add 50 µL of stop solution with a multichannel pipette. 
11. Mix on a plate rotator for 3 minutes at 500 rpm (or tap to mix). Caution: do not mix at 
speeds over 600 rpm.  Wipe off bottom of plate with a water-moistened, lint-free cloth 
and wipe dry.  Read in a plate reader at 450 nm.  Read plate within 10 minutes of adding 
stop solution. 
 
Calculations 
1. Compute the average optical density (OD) for all duplicate wells. 
2. Subtract the average OD for the NSB wells from the average OD of the zero, 
standards, controls, and unknowns. 
3. Calculate the percent bound (B/B0) for each standard, control and unknown by 
dividing the average OD (B) by the average OD for the zero (B0). 
4. Determine the concentrations of the controls and unknowns by interpolation using 
software capable of logistics.  We recommend using a 4-parameter sigmoid minus curve 
fit. 
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Physiological Assessment Protocols 
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Physiological assessment protocols 
 
Standardized push-up test: (Heyward, 2002) 
1. Before administering the test, an exercise specialist will demonstrate the 
push-up procedure for the patient.  For women, the modified push-up 
version includes: knees on the ground and legs bent with feet off of the 
ground. 
2. A count of three seconds lowering down and three seconds pushing up 
will dictate the rhythm of the exercise. When the subject’s positioning or 
rhythm changes due to fatigue, the exercise will stopped and the number 
of push-ups performed will be recorded. 
 
Standardized Partial Curl-up (crunch) test: (Heyward, 2002) 
1. Before administering the test, an exercise specialist will demonstrate the 
curl-up procedure for the patient. 
2. The appropriated position for the sit-up test includes having the subject 
lying in a supine position (on the back) on a mat, with knees flexed to 90 
degrees and arms at the sides with fingers touching a piece of tape. A 
second piece of tape is placed 8 cm (for subjects 45 years or older) or 12 
cm (for subjects less than 45 years) beyond the first piece of tape.  
3.  A metronome is then set at 40 bpm (20 curls- per minute). 
4. The subject is then instructed to slowly lift her shoulder blades off the 
ground in time with the metronome. The subject should flex the trunk 
(curl up) until the fingertips touch the second tape mark or the trunk 
makes a 30 degree angle with the mat. 
5. A count of three seconds curling up and three seconds lowering down will 
dictate the rhythm of the exercise. When the subject’s positioning or 
rhythm changes due to fatigue, the exercise will be stopped and the 
number of curl-ups performed will be recorded. 
 
 
Standardized testing procedures for sit-and-reach test: 
1. The subject will sit on the floor with buttocks, shoulders, and head in 
contact with the wall with the knees extended but not locked. 
2. The subject will be instructed to place the soles of her feet against the box. 
3. Keeping the head and shoulders in contact with the wall, the subject will 
extend her arms forward with one hand on top of the other. 
4. The exercise specialist will bring the sliding tab to the fingertips of the 
subject (not fingernails); this will serve as the “zero point”.  
5. The subject will be instructed to bend forward slowly, pushing the silver 
tab along the measurement bar. 
6. The subject should exhale as she leans forward, keeping head down and 
refraining from bouncing.  
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7. When reading the measurement bar, scale C will be used (in inches).  If 
the subject reaches beyond 21 inches on scale C, scale B will be used to 
record the measurement.  
8. The score (in inches) will be the most distant point on the measurement 
bar contacted by the fingertips. 
 
The test will be administered three times with the highest measurement recorded as the 
patient’s score. 
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